The Peneda-Gerês National Park (PNPG) in North-western Portugal has been the subject of many bryological studies although there remain unstudied areas. We here present a summary of current knowledge using data from recent fieldwork and past data which comprises ca. 11000 records. Using this data twelve Important Plant Areas (IPAs) were selected. The PNPG is an area exceptionally rich in bryophytes as shown from current species richness distribution maps. There has been a significant increase in the level of bryophyte of the PNPG since 1980. From recent fieldwork, two new species to Portugal were found and fourteen species are reported as new to this National Park. Future studies in relatively unknown areas will most likely lead to the discovery of further bryophytes of conservation importance. The IPAs mapped can be useful in guiding conservation planning.
INTRODUCTION
The Peneda-Gerês National Park (PNPG) is one of the best studied areas in Portugal for bryophytes and one of the first areas in the country with bryophyte collections, for example, Mnium fontanum L. collected by Brotero (1804), "Ad fontes et in udis subalpinis Gerez, et alibi". Almost two centuries afterwards, Sérgio & Schumacker (1992) presented an extensive bryophyte catalogue for this National Park summarizing old and current data, but there still persisted significant knowledge gaps concerning several areas and taxa. Following this, Hespanhol et al. (2005) provided an updated distribution of bryophytes to this area, including potential areas of occurrence for some threatened/rare bryophyte species.
Despite these studies, the knowledge of bryophyte distribution in this National Park varies considerably between areas. For some there are recently published distribution maps and detailed species lists including conservation status, habitat quality and new species (Hespanhol et al. 2005 ), yet there remain enclaves with high-quality habitats that need to be studied as they could hold bryophytes that are very rare or considered extinct, not only in PNPG, but also in Portugal. Species with few records in this region are either common species that are overlooked when collecting or important taxa that have been under-collected. It is therefore important to focus new fieldwork on areas with fewer records and target rare species.
Despite the low detectability of some bryophytes and the lack of knowledge concerning particular species, the evaluation of red-listed taxa in a particular area is so far considered the most effective conservation tool (Butchart et al. 2005) . Considering this and the reality of PNPG, a new bryophyte survey was undertaken by the authors in June 2010 to record species considered endangered or extinct in Portugal as well as taxa expected to be present as predicted by previous distribution models (Sérgio & Draper 2002) . Some distribution models from this work allowed barely visible species to be located, especially ones whose auto-ecology or distribution pattern is poorly known. Some of these species are listed in the Annexes of the Habitat Directive: Bryoerythrophyllum campylocarpum (Müll. Hal.) H. A. Crum, Marsupella profunda Lindb. or Frullania oakesiana Austin.
The identification of biodiversity hotspots can be achieved through the use of bryophytes as shown by Sér-gio et al. (2000) , since generally there is a good correlation between bryophyte richness and high diversity of other taxonomic groups. Given this, and after the analysis of data obtained from the 2010 bryophyte survey and past data, we aimed to select Important Plant Areas (IPA) for plant conservation based on all currently known bryophyte species distribution in PNPG and taking into account objective criteria related to total and threatened bryophytes richness. Three main criteria were used for IPA selection based on floristic richness, threatened bryophytes of the Portuguese flora (red-listed species) and species of national interest or geographic singularity such as Iberian endemics.
MATERIALS AND METHODS
Study Area. The PNPG (Figs. 1-2) is the only National Park in Portugal and its total area is approximately 70000 ha. Due to its topography there are strong climatic contrasts ranging from the thermophytic and humid conditions in the Rio Homem valley to areas with warm and heavy rainfall in the high mountains and interior (Honrado et al. 2001) . The PNPG has a typical Atlantic climate with an annual precipitation that varies from 1600 to 3000 mm and average annual temperatures usually ranging between 10 °C and 16 °C. The underlying geological structure is mainly dominated by granites.
Data source. All of the bryophyte information used (except data from the most recent study, see below) was taken from University of Lisbon (LISU) and Porto (PO/PO-CIBIO) herbaria database which host c. 5000 specimens from PNPG resulting from sporadic surveys, projects and PhD studies (Garcia 2006; Vieira 2010; Hespanhol 2011) . A bibliographic database that has been continuously updated was also used and, when possible, all the available data was georeferenced. In total, ca. 11000 records were used. It is important to note that the degree of knowledge of the studied localities is not homogeneous due to irregular historical sampling efforts, resulting in some areas being better surveyed than others. However, all localities have been included in this study in order to use all available data on the distribution of taxa in PNPG for subsequent selection of the IPAs.
Recent Survey. The localities of the most recent bryophyte survey (June 2010) are presented in Table 1 . All localities correspond to Braga district in the Minho province. The catalogue of Portuguese bryophytes (Sérgio & Carvalho 2003) was used to evaluate new chorological records and new species to this area. Bryophyte taxonomy and nomenclature largely follows Sérgio & Carvalho (2003) as well as Hill et al. (2006) for mosses and Grolle & Long (2000) for liverworts and hornworts. All specimens are placed in the herbarium collections of LISU, PO/PO-CIBIO and E. For each bryophyte taxon its threat category is given, according to the Iberian Red List (Sérgio et al. 2007 ) using the following threat categories: critically endangered (CR); endangered (EN); vulnerable (VU); near threatened (NT); low risk species which require special attention (LC-Att); species with insufficient data (DD e DD-n) and species of low concern (LC). Database records. All database records, herbarium (old records and recent survey) and bibliographic, are georeferenced at a 1x1 km scale (in MGRS UTM coordinates). For records that had insufficient location information a cross-reference was undertaken with herbarium specimens to ensure that georeferencing was as accurate as possible. Records without a precise indication of locality (e.g. those that only had "Gerês") were not included in this study.
Selection of Important Plant Area (IPA). We applied a method similar to the one used for the area of Murcia by García-Fernández et al. (2010) , that is based partly on the IPA program of Plantlife International (Anderson, 2002) , with some changes and adaptations, including not taking into account habitat quality due to the large variation within each 1km UTM square in PNPG. The criteria used to select important areas are as follows:
Criterion 1 (C1) -based on floristic richness and corresponding to the total number of species (including subspecies) in each 1 km UTM square. Each UTM was assigned a richness class and value (given in brackets): more than 100 taxa -especially rich (4); 51 to 100 taxa -rich (3); 11 to 50 taxa -moderately rich (2); 1 to 10 taxa -poor (1).
Criterion 2 (C2) -based on the number of threatened bryophytes (CR, EN and VU) in each 1 km UTM square using the 2006 Iberian Red List (Sérgio et al. 2007) , as well as the new Portuguese Red Book (in prep). Each threatened species is given a value of 1.
Criterion 3 (C3) -based on species of national and international importance in each 1 km UTM square, Habitat Directive and LC-Att or NT Red List categories (Sérgio et al. 2007) , and geographic singularity (such as Iberian endemics). Species listed in the Habitat Directive are given a value of 3 and other species a value of 1.
First, each 1km UTM square was assigned a value for the three criteria. Then, the sum of the scores of each criterion (C1+C2+C3) were calculated for each UTM square giving the Area Importance Index. UTM squares with an Area Importance Index equal to or greater than 9 and with more than 50 taxa were considered to be areas of importance for bryophytes. IPAs were selected using these UTM squares and each IPA can include one or more of these UTM squares.
RESULTS AND DISCUSSION
New Survey. Data collected in the June 2010 survey are presented in Table 2 ; new taxa to PNPG are indicated with an asterisk (*) and species which are new to Portugal are indicated with two asterisks (**). A total of 482 new georeferenced bryophyte specimens were recorded (Table 2 ). In total, 179 taxa (species and subspecies) from 101 genera of bryophytes are reported. A total of 126 moss species and 53 liverwort species (but no hornworts) were recorded. In addition, 16 taxa were recorded for the first time in PNPG including two Habitat Directive species and two new species to Portugal. The total list of species identified is in alphabetical order, with mosses first followed by liverworts.
C. Sérgio et al.
Bryophyte diversity in the Peneda-Gerês National Park (Portugal)...
41
Botanica Complutensis 36: 39-50. 2012 Table 1 The nine study localities in the June 2010 survey with altitude, 1 km UTM coordinate, date and collectors Important Plant Areas. The PNPG has 374 recorded bryophyte taxa, collected from 263 UTM squares, with the highest total richness in a single UTM square being 174 species. Following the parameters of criterion 1, three UTMs are especially species rich (more than 100 taxa), 19 are rich (with between 50 and 100 taxa), 125 are moderately rich (between 11 and 49 taxa) and the remaining 116 have less than 11 taxa (Table 3 and Fig. 3 ).
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Botanica (Sérgio et al. 2007) , as well as the new Portuguese Red Book (in prep), 65 threatened bryophyte taxa were found in PNPG and, although more than half of the sampled UTMs have no threatened species, 5 UTMs have more than 10.
Based on the three criteria, 12 IPAs were identified (those with an Area Importance Index value equal to or greater than 9 and with more than 50 taxa) (Table 4 and Fig. 5 ). Three levels of importance can be identified based on the Area Importance Index Value, with the most important areas having a value greater than 31, followed by areas with 15 to 30 and then those with a value less than 15. The IPA with the highest species richness was Caldas do Gerês (220 species, corresponding to two UTM squares, Table 4 ), which also has the highest number of threatened taxa (25 taxa). Selecting areas with a higher number of threatened species identifies vulnerable areas such as the Rio Homem valley (Fig. 5 ) which has over 100 taxa, of which 19 are red-listed (Criterion C2).
In general, species richness (C1) seems to be associated with the Area Importance Index, as the presence of threatened and important bryophytes is more likely the larger the number of species an area holds. However, this is not always the case, as shown by the Sobreiral da Ermida IPA which has one of the lowest species richness but an Area Importance Index value of 20 (the 5 th highest value) due to the large number of threatened species (12). Similarly, the Ribeira de Freitas IPA, despite being the fourth richest IPA, has the second highest Area Importance Index Value (36) due to the presence of several important taxa including two Habitat Directive species, giving a very high C3 value of 20. This shows that the Area Importance Index is not merely highlighting species-rich areas but also sensitive ones (those with high C2 and C3 values) and can therefore be used to determine areas of conservation importance.
Some of these IPAs include classic localities which have been well studied since 1980 (Fig. 4) , but others only recently have been studied (Fig. 3) . Comparing the number of species collected in PNPG before and after 1980 (Figs. 3 and 4 , respectively) provides evidence not only of the importance of these classical locations, but also shows that, with new studies, further important areas (Table 4) can be found such as Ramiscal, Serra da Peneda and the region of Planalto da Mourela (Montalegre) which remained practically unexplored before 1980 (Fig. 3) .
Distribution of selected species. due to the evolution of both taxonomic knowledge and sampling effort (Figs. 6, 8, 11 ). The importance of areas and habitats within the PNPG is illustrated through particular species of conservation value such as Dumortiera hirsuta (Sw.) Nees and Microlejeunea ulicina (Taylor) A. Evans (Figs. 7 & 10. ). The European neophyte and aggressive invasive species Campylopus introflexus (Hedw.) Brid., which was first reported to Portugal in 1997 by Sérgio, is now a frequent species in the PNPG (Fig. 9 ) and consequently it may be a negative impact on the region's bryoflora.
CONCLUSIONS
At the National, Iberian and International scales the PNPG holds a significant number of important bryophyte species. Over time the knowledge of this area has increased as more explorations have been undertaken in new areas. Until 1980 a total of ca. 260 taxa had been reported to PNPG, in 1992, 285 were reported by Sérgio and Schumacker and after 2005 ca. 316 are given (Hespanhol et al. 2005 ). Now we can indicate ca. 375 taxa, including 16 new species to PNPG from the most recent collection in June Table 4 Important Plant Areas identified based on the established criteria. The 1km UTM squares found within these IPAs are given in parentheses. Criterion 1 (C1), species richness, has 4 classes and values; criterion 2 (C2), number of red-listed species; criterion 3 (C3), number of species of geographic singularity, LC-Att and NT taxa (which includes endemic species) and species listed in the Habitats Directive (indicated with L ). The Area Importance Index value is the sum of the three criteria (C1+C2+C3) and there are three levels of importance: most important areas with a value greater than 31, followed by areas with 15 to 30 and then those with a value less than 15 
